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(57) ABSTRACT 

An image recognition system for recognizing a target having 
a color and a pattern includes a plurality of active eyes for 
recognizing a target. Each active eye is an information 
processing unit formed in a closed frame defined on a 
display screen, and each active eye is movable on the display 
screen, wherein each active eye moves until a color within 
the closed frame of the active eye is the color of the target 
in a memory, wherein plural active eyes are located at a 
boundary between the target and the background on the 
display screen, thereby forming a colony having a shape. 
When the shape of the colony matches the pattern of the 
target in the memory, the target is identified. The time of 
each processing cycle is very short, and thus, the movement 
of the object can be traced without a time lag. 

8 Claims, 4 Drawing Sheets 
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IMAGE RECOGNITION SYSTEM AND Namely, one important aspect of the present invention is 

APPARATUS USING ACTIVE EYES an image recognition system for recognizing a target having 

a color and a pattern, comprising: a display screen for 

BACKGROUND displaying a scene including a target and its background, 

1. Field of the Invention 5 using a CCD camera; a plurality of active eyes for recog- 

This invention relates to a system and apparatus of image aizing the target, each active eye being an information 

recognition, and particularly to that having a simplified processing unit formed in a closed frame defined on the 

structure using active eyes for quick, easy, and accurate display screen, said active eye being movable on the display 

image processing, screen; a memory for storing information, wherein the color 

2 Background of the Art 10 and P attern of tDe tar 6 et ^ stored in tne memory; a control- 

. - » ling unit for controlling movement of the active eyes, 

Picture information is a function of time and space and is u • *u . n- •« u ;-i 

, . , . . . ♦ wherein the controlling unit moves each active eye untu a 

characterized by open-ended characteristics (i.e., changing , .... , f r f . . 

.... . ... * . . . . .. color within the closed trame ot the active eye is the color 

with time), multidimensional data, large scale data, discon- p . , • , u „ . , , ,. 

. . f \ - ■ ? . ■ of the target in the memory, wherein plural active eyes are 

tinmty such as edges, and none and uncertainty created u located at a boundary between the targe, and the background 

during sampling and quantifying processes. Accordingly, an Qn ^ d - , scfe fofmi a co , g 

.mage processing system needs adaptive control processing ^ ^ m unil ^iter moves each 

which follows time change, real time processing which J 4 ., 4 . , c tt _ . ■ « 

i r j* • i i- active eye until the shape of the colony matches the pattern 

processes a large quantity of data in a real time, non-linear c *u . * • »u a •* r 

u- u j i •* u j- ■„ . . . of the target in the memory; and a processing unit for 

processing which deals with discontinuity, and robust char- „„ • • 5 . * *u *• * j * -r. 7t_ . 

* . . * . - . J ' 20 receiving data from the active eyes to identify the target, 

acteristics for noise and fluctuation. . . 4l _ . ^ it. . i • * . 

wherein the processing unit calculates the location of the 

A neural network comprised of arithmetic elements called target based on the data from the active eyes 

"neurons'* has: mathematical characteristics and information , t . . r 4l _ 

... , . In the above, preferably, the image recognition system 

processing capacity, which realize simultaneous parallel fi ■ , . . 4 L . - i 

^ t . -, r. i ■ • further comprises a color processing unit, which transforms 

processing by using a number of neurons; learning capacity ; r -i * *Z ^At^ • * 

. ., & v 25 a RGB system of a color from the CCD camera into a 

in which weight coupling ratio between neurons change • J f . , . . , , 

.... J . ? . c .... ° combination of hue, saturation, and brightness, and which 

plastically, and optimization capacity for minimizing evalu- 4 . . . 4 . r . . 4 f. * . 

. . r , . r * . Jf compares the combination of hue, saturation, and brightness 

ation equations under complex restraint conditions. By using ... t . , , . c . . . z. , 

4l _ ^ - t . . 4 . , 4 , . / r with the color data of the target in the memory, thereby 

the above capacities, it is possible to solve problems of . ... , . ,. , r , . • 

. . • .. .... outputting a value indicating the likelihood of color image in 

large-scale optimization in image recognition, at a high -, n f t . t . - f . 

j a i u • *u i • ■? \ i.- u 30 each active eye matching the target, 

speed. Also, by usmg the learmng capacity, a system, which „_ . . , , 

enables recognition of various images by changing the The present mvention can equaUy be adapted to a method, 

weight coupling ratio in an adaptive manner, has been According to the present invention, by storing informa- 

suggested. l i° D on color and pattern (shape) of an object, the location 

FIG. 9 shows one example of a conventional image 35 °^ the ° bjeCt ^ be identifi ^ ^gardkss of the size of the 

recognition system. In the figure, A is image data to be °° 1 a screen * ^ « "f necessary to be 

processed, B is an HSI transformation unit, C is a filter, D conce ™ d w ^ the location or angle of a camera, as required 

is a binarization unit, and E is an outline extracting unit. in a P attem ra atchin S method. The time of each processing 

A , , , i_ . . c . ■ cycle is as short as 0.03 seconds, and thus, the movement of 

As described above, heretofore, image recognition sys- ./ . . . . ... „ 4 . . / ... 

.... , i ' f. c & \ the object can be traced without a tune lag (real time 

terns use a particular hardware which satisfies requirements 40 . * \ a j* i *i_ i_ j j 

c ' ... 7 i tracmg). Accordingly, the present invention can be adapted 

tor unage information processing, resulting in large-scale 4 , ., . 4 , t ^. . r . 

j .y .. v» *u 1 l j * t- to a mobile robot as its eye, and further, the present invention 

and costly machinery. On the other hand, without such . , . • . I <• 

4 . , . j 4 i ^ 1, can be applied to an intelligent mobile robot for service as 

particular hardware, it takes an extremely long time to . T it 

r .. -A-.- r a means enabhng autonomous movement. It can also be 

recognize images. That is, m the conventional image rec- . . . f j . *ui »• c j i . . 

.f. . & . . . c . . & adapted for detecting the location of a door knob when a 
ogmtion systems, elimination of normal noises is necessary, 45 U t t . Jt 4 . 4 . . r 
& . • e e i i . r robot opens or closes the door, detecting the location of a 
and processing of, for example, color transformation must K ,.*««„ Zr ** !u i «■ c u* . u 
, r « j • i u • i / ■ * i . . , button of an elevator, detecting the location of an object such 
be performed pixel by pixel (picture element by picture . . , . ^ , 4U ' ... 
. r iX . 4 . ^ r v . . r . ' r as documents when a robot hands them over, or the like, 
element), leading to long processing tune for image recog- 
nition. Thus, heretofore, in order to shorten time for image BRIEF DESCRIPTION OF THE FIGURES 
recognition, there was no way other than reduction of the 50 ™^ - . . L , , • . , 
number of pixels. However, when reducing the number of , V ,il S 3 XhCmilK ^ ^T™ *f f^" 6 Cmb °*' 
pixels, accuracy suffers or is sacrificed. ~ nt of the m ^ ^cognition system of the present mven- 

In addition, the conventional image recognition systems ™- , . L1 . . , , - 

u no n . j u 4-i *1 i . FIG. 2 is a schematic block diagram showing a method for 

as shown in FIG. 9 cannot provide a result until the last , 4 . . t - . & t c . . B . 

, 4 r . . cc determinme color in an embodiment of the image recogm- 

processing step is complete, since each processing is per- 55 . & . & & 

r , . . ™ r . r & . hon system of the present invention, 

tormed in sequence in one direction. 1 nus, it a processing J r 

step ceases for some reason, the interrupted step influences FIG * 3 * a schematic diagram showing velocity vectors of 

the whole system until the end of the process. Accurate activc evcs in an embodiment of the image recognition 

image recognition cannot, therefore, be guarantied. svstem of lhe P rescnl mvention, in which FIGS. 3a, 36, and 

60 3c indicate active eye repulsion, colony attraction, and 

SUMMARY OF THE INVENTION colony repulsion, respectively. 

The present invention has exploited an image recognition FIG. 4 is a schematic diagram showing formation of a 

system. An objective of the present invention is to provide colony in an embodiment of the image recognition system of 

an image recognition system which enables rapid, easy, and the present invention. 

accurate image processing without using special hardware, 65 FIG. 5 is a graph indicating colony coordinates in an 

i.e., based on a technological concept of image recognition embodiment of the image recognition system of the present 

which is distinct from the conventionally founded concept. invention. 
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FIG. 6 is a schematic block diagram showing a pattern is processed to output a value between 0 (zero) and 1 (one), 

recognition (classification) unit in an embodiment of the The values from all active eyes forming the colony are 

image recognition system of the present invention. averaged, and based on the averaged value outputted, shape 

FIG. 7 is a schematic diagram showing an embodiment of recognition is performed, 

the image recognition system of the present invention. 5 In another embodiment of the present invention, an image 

FIG. 8 is a graph indicating output of active multi-eye recognition apparatus is provided, characterized in that the 

system in an embodiment of the image recognition system of apparatus comprises: a plurality of active eyes which form 

the present invention. colony coordinates by moving on a display screen of input- 

FIG. 9 is a schematic block diagram showing a conven- in ted image data in accordance with a predetermined rule of 

tional image processing system. 10 acll0D > and which are ca ? able of determinin g whether the 

color of an object the active eye is looking at is the one in 

DETAILED DESCRIPTION OF THE a memor y> based on at least color information of the image 

PREFERRED EMBODIMENTS data > a P attern recognition means for recognizing the pattern 

of the object the active eyes are looking at, based on output 

The image recognition system of the present invention is 35 from eacD active eye; and a location calculation means for 

characterized in that a plurality of active eyes indicated on identifying the location on the object the active eyes are 

a display screen determine, based on input data of an image looking at, based on output from each active eye. 

including an object displayed on the display screen, whether 

the object is a preselected target recognize the shape of the EXAMPLE 

object the active eyes are looking at, based on the coordinate 20 The presem invention win be exp i aine d with reference to 

information of a colony formed by the active eyes; and FIGS 1 to 8 

identify the location of the object. Each active eye is capable ^ . , f .. - 

, . . , , .1.. -1. FIG. 1 shows structures of an image recognition system of 

of determuung whether the color the eye .s ooking a. is the Qne embodiment of the , invention. In the figure, the 

one in a memory based on at least color information , . , r r , c 4 . - ' L i 

. . . , , „, system comprises a plurality of active eyes 2, each capable 

obtained from the input image data, and each active eye is 25 ; , . j* i c • J i . 1 • T 

- . . j. i • , of moving on a display screen of image data 1 in accordance 

capable of moving on the display screen in accordance with ... , 4 J % r . «, r j > 

redetermined rules a P re " eterminec * ru * e °* actl0n an d capable of deter- 

P " mining whether the color the active eyes are looking at is the 

Each active eye is typically a square frame defined on a one i n a memory based on at least color information of the 

display screen, which square frame is freely movable on the image dala; a paUern recognition (classification) unit 3 for 

display screen (like a cursor on a computer screen), and the performing pattern recognition to determine whether the 

active eye recognizes information such as color within the ob jec t on the display screen of the image data 1 is the target; 

square. That is, the active eye is an information processing am j a location calculation unit 4 for identifying the location 

unit on the display screen, and movement of the active eye of the ob j ect whose patt em has been recognized. The 

can easily be controlled by known programming techniques. information on the location of the object is fed back to each 

Each active eye performs autonomic movement in accor- 35 ac tivc eye 2 

dance with predetermined rules described later. , n ^ system> fe cfeated tQ pick up and idefltify 

In one embodiment of the present invention, each active an object in a memory stored in advance from the image 

eye has level 0 (zero) wherein the eye loses track of the information and to determine the location of the object. That 

target-like object in the image data, level 1 (one) wherein the ^ ^ m tn is embodiment, color data obtained by the active eyes 

active eye was looking at the target-like object in the image are use d in picking up and identifying the object in a 

data until now but loses track of it at this moment, level 2 memory stored in advance from the image information. FIG. 

(two) wherein the active eye is now looking at the target-like 2 shows a method of distinguishing the object by using color 

object in the image data. Further, the system as a whole has information, wherein input color information (e.g., a RGB 

two levels: level 0 (zero) wherein all of the active eyes have 45 system) is transformed into signals of hue, saturation, and 

level 0, and level 1 (one) wherein at least one active eye has brightness at a transformation unit 5 (pretreatment unit), 

level .1 or 2. The action (or behavior) of each active eye is These signals are compared with the information stored in a 

regulated based on a combination of the level of the active co i or information map 6 in advance, thereby outputting a 

eye and the level of the system as a whole. va i ue between 0 (zero) and 1 (one) wherein 0 (zero) indi- 

The active eyes behave in accordance with the predeter- 50 cates that the object is not the target, 1 (one) indicates that 

mined rule of action, e.g., random movement, movement the object is the target. The value represents the likelihood 

toward the center of a colony, and movement away from the of image (or object) matching the target, 

center of a colony. These movements of active eyes are i n the above, if there are several objects having the same 

programmed to be like behavior of flies around a food flies color in the image data, the shape or pattern of each object 

gather at a food source and they scatter when the food is 55 ^ a is 0 determined as described later, 

removed. £ acn acl i ve e ye 2 is capable of determining whether the 

Determination of color information in the image data by color is the one in a memory based on color information in 

the active eyes is performed by transforming the received a sma ll region (3 pixelsx3 pixels). When one or more active 

color information into hue, saturation, and brightness, and eyes find an object having the color stored in a memory in 

comparing them with the color information map stored in a 60 the image data, other active eyes move toward the location 

memory in advance. of the object in accordance with a simple rule of action 

In shape recognition, the coordinates of a colony (i.e., a described below. Accordingly, each active eye 2 gathers at 

closed loop) formed by the active eyes is indicated by x-y the boundary between the object and the background in the 

coordinates. Position information of each active eye is image data. The coordinate information on their location is 

composed of information on the x-y axes and information on 65 transmitted to the pattern recognition unit 3 where pattern 

an angle formed by the x axis and a vector connecting the recognition of the object the active eyes are looking at is 

active eye and an adjacent active eye. The above information performed as described below. In the location calculation 
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unit 4, in order to identify the location of the object whose transferred to an averaging unit 8, thereby outputting a value 

pattern has been recognized or classified, the coordinates of between 0 (zero) and 1 (one) as an average value of the 

the center of the object are outputted. Since the coordinates colony indicating the likelihood of image (or object) match- 

of each active eye 2 are transmitted to both the pattern ing me target as a whole. By this average output value, 

recognition unit 3 and the location calculation unit 4, as 5 pattern recognition is conducted to determine whether the 

shown in FIG. 1 it is possible to determine an approximate object is the target. 

location of the object even at a stage when the active eyes FIG. 7 shows an experimental example using an image 

2 have not yet clustered sufficiently to determine the pattern recognition system of the present invention, 

or shape of the object. 1° this experiment, the time was measured after a camera 

The rule of action of the active eyes 2 is explained below. » l { ( CCD camera) viewed an object until the pattern of the 

„ , - , t , i i r 11 object was identified and calculation of the position of the 

Each active eye 2 has three levels as follows: \ c , . . , , , r 

J center of the object was completed. 

Level 0 (zero): the eye loses track of the target-like object A pentium 12 fj MHz CPU was used as a PC 14, the 

in the image data. number of pixels of a display screen 13 was 320x200 

Level 1 (one): the active eye has been looking at the 15 (pixels), and the number of active eyes on the display screen 

target-like object in the image data until now but loses track 13 was 32. As an object 12, a 75x75 mm square piece of red 

of it at this moment. paper was used, and positioned 500 mm away from the 

Level 2 (two) wherein the active eye is now looking at the camera. The relationship between coordinates of the object 

target-like object in the image data. outputted from the system and time elapsed is shown in FIG. 

Further, the system as a whole has two levels as follows: 2 o 8 * ^ shown in F1G - 8 > pattern recognition for identifying the 

Level 0 (zero): all of the active eyes have level 0. ob J ect was completed in approximately 2 seconds, and 

Level 1 (one): at least one active eye has level 1 or 2. values 0Ut P utted thereafter were Poetically constant As an 

„ , , . . l it. •/ image recognition system using a general purpose PC, the 

Based on a combination of these levels, the action (or ^ wa$ sufficienll hi ^ as wel] M accurate „ ^ 

behaywr) of each active eye is regulated as follows: ^ wilb the high . specd sys * em having , r<?duced nun / er of 

pixels. 

As explained above, according to the present invention, 
by storing information on color and pattern (shape) of an 
object, the location of the object can be identified regardless 
of the size of the object on a display screen (i.e., even if the 
distance between the object and the camera or the angle of 
the camera changes). Thus, it is not necessary to be con- 
cerned with the location or angle of a camera, as required in 

AME: Active Multi-Eye system. AE: Active Eye. a paUera matcfaing met hod. The time of each processing 

FIG. 3 shows the directions of velocity vector of active * c y cle < one °y cle recognition of color by the active 

eyes 2. Squares indicate active eyes having level 0, 1, or 2. ^ es u at ms f ant coordinates recognition of a pattern formed 

Active eyes connected with lines indicate colonies. ^ the ac f lve ^ and of the location of the 

c . .„ , , ■ , i_ , pattern prior to the active eyes moving to next coordinates) 

l-ormation of a colony will be explamed below with fa as shoft as Qm seconds> ^ thus> tQe movemeQ , of ,^ 

re erence o . . ^ object can be traced without a time lag (real time tracing). 

An active eye (a) having level lor 2 is linked to active eye Accordingly, the present invention can be adapted to a 

(b) which has level 1 or 2 and which is closest to active eye mobile robot as ils eye> and farther( the present invention can 

(a). Active eye (b) is linked to active eye (c) which has level 5e applied t0 an intelligent mobile robot for service as a 

1 or 2 and which is closest to active eye (b), except for active means enab ling autonomous movement. It can also be 

eye (a). Active eye (c) is linked to an active eye which has 45 adapted for dete cting the location of a door knob when a 

level 1 or 2 and which is closest to active eye (c), except for robot opcns or closes the door> detccting the location of a 

active eye (b). By repeating the above process, one colony butt0D of an elevator, detecting the location of an object such 

is formed. In the above, an active eye cannot be linked to an as documents whe n a robot hands them over, or the like, 

active eye which has already been linked to another active Actual applications of the present inven tion include an 

eye. As a result, the colony is formed into a closed polygon. 5Q apparatuSt which notifies a driver that a vehicle such as a 

FIG. 5 shows colony's coordinates. As shown in the motorbike is going off a predeterminantly defined path 

figure, it is assumed that a colony is formed as a result of acceptable to the driver in order to restrict its driving path in 

active eyes 2 gathering at a boundary between the object and t he predetermined range, an apparatus, which controls the 

the background in accordance with a rule of action. course or route 0 f a helicopter to a predetermined range in 

The x-axis of the active eye on the farthest left in the 55 such a way that the helicopter sprays, for example, an 

colony is set at 0 (zero; x«0). The x-axis of the active eye on agricultural chemical over fields of rice and other crops 

the farthest right in the colony is set at 1 (one; x=l). defined by their shapes, patterns, and sizes, and an 

Similarly, the y-axis of the topmost active eye is set at 0 apparatus, which controls working behavior or action of an 

(zero; y=0). The y-axis of the bottommost active eye is set industrial robot, such as controlling handling of LSI chips or 

at 1 (one; y=l). An angle formed by the x-axis and a vector 6 o the like and recognizing a predetermined installing position 

connecting each active eye is indicated as 0. of parts in an assembly line. 

The values of x, y, and 6 of each active eye are inputted It will be understood by those of skill in the art that 

into a processing unit 7 in the pattern recognition unit 3 as numerous various modifications can be made without 

shown in FIG. 6, thereby outputting a value between 0 (zero) departing from the spirit of the present invention. Therefore, 

and 1 (one) indicating the likelihood of image (or object) 65 it should be clearly understood that the forms of the present 

matching the target. The output signals of 0-1 indicating the invention are illustrative only and are not intended to limit 

likelihood of image (or object) matching the target are the scope of the present invention. 
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We claim: 

1. An image recognition system for recognizing a target 
having a color and a pattern, comprising: 

(a) a display screen formed with a plurality of pixels for 
displaying an image including a target and its 5 
background, using a CCD camera; 

(b) an active eye system comprising: 

(i) a plurality of cursor- like movable sections, denoted 
as active eyes, indicated on the display screen using 

a portion of the pixels, each active eye being a closed 10 
frame defined on the display screen and being pro- 
grammed to obtain color data from the area enclosed 
within the frame, said active eyes being movable on 
the display screen under predetermined rules to 
move each active eye to a boundary of a region, 1S 
denoted as a colony, where a color within the closed 
frame of the active eye matches the color of the 
target pre-stored in a memory; 

(ii) a pattern recognition unit for recognizing a shape of 
the colony which is formed when connecting plural 20 
active eyes located along the boundary of the colony, 
wherein if the recognized shape does not match the 
pattern of the target pre-stored in a memory, each 
active eye moves until the pattern of the target in the 
memory is recognized; and 25 

(iii) a location calculation unit programmed to calculate 
the coordinates of the recognized pattern of the target 
based on coordinates of the active eyes; and 

(c) a pretreatment unit, which transfers a RGB system of 

a color from the CCD camera into a combination of 30 
hue, saturation, and brightness, and which compares 
the combination of hue, saturation, and brightness with 
the color data of the target in the memory, thereby 
outputting a value indicating the likelihood of color 
image in each active eye matching the target. 35 

2. The image recognition system according to claim 1, 
wherein each active eye is a square of approximately 3 
pixelsx3 pixels. 

3. The image recognition system according to claim 1, 
wherein the predetermined rules are as follows: 40 

(i) if no active eyes recognize the color of the target or 
form a colony of the color, the active eyes move 
randomly; 

(ii) if a plurality of active eyes recognize the color of the 
target and form a colony of the color, the active eyes 
move away from the center of the colony; 

(iii) if an active eye has been recognizing the color of the 
target until now but loses track of the color at this 
moment, the active eye moves toward the center of a 5Q 
colony located closest to the active eye, 

whereby the active eye moves ultimately to a boundary of 
the colony. 

4. The image recognition system according to claim 1, 
wherein the colony is recognized by connecting the active 55 
eyes which are recognizing the color of the target or had 
been recognizing the color of the target but lost track of the 
color, under the following rules: 

(i) an active eye is linked to another active eye closest to 
the active eye; 60 

(ii) an active eye is not linked to an active eye which has 
already linked to another active eye. 

5. A method for recognizing a target having a color and a 
pattern, using an image recognition system comprising: 

(a) a display screen formed with a plurality of pixels for 65 
displaying an image including a target and its 
background, using a CCD camera; 
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(b) an active eye system comprising: 

(i) a plurality of cursor-like movable sections, denoted 
as active eyes, indicated on the display screen using 
a portion of the pixels, each active eye being a closed 
frame defined on the display screen and being pro- 
grammed to obtain color data from the area enclosed 
within the frame; 

(ii) a pattern recognition unit for recognizing a shape 
which is formed when connecting plural active eyes; 
and 

(iii) a location calculation unit programmed to calculate 
the coordinates of the recognized shape based on 
coordinates of the active eyes; and 

(c) a pretreatment unit, which transfers a RGB system of 
a color from the CCD camera into a combination of 
hue, saturation, and brightness, and which compares 
the combination of hue, saturation, and brightness with 
the color data of the target in the memory, thereby 
outputting a value indicating the likelihood of color 
image in each active eye matching the target, 

said method comprising the steps of: 

(A) displaying an image including a target and its 
background on the display screen, using the CCD 
camera; 

(B) moving the active eyes on the display screen under 
the predetermined rules to move each active eye to a 
boundary of a region, denoted as a colony, where a 
color within the closed frame of the active eye 
matches the color of the target stored in a memory 
based on a value indicating the likelihood of color 
image in each active eye matching the target output- 
ted from the pretreatment unit; 

(C) upon formation of the colony by the active eyes, 
comparing at the pattern recognition the shape of the 
colony with the pattern of the target stored in a 
memory, and if the shape does not match the pattern 
of the target, further moving the active eyes until the 
pattern of the target is recognized; and 

(D) calculating the coordinates of the recognized shape 
as the target based on coordinates of the active eyes. 

6. The method according to claim 5, wherein each active 
eye is a square of approximately 3 pixelsx3 pixels. 

7. The method according to claim 5, wherein the prede- 
termined rules arc as follows: 

(i) if no active eyes recognize the color of the target or 
form a colony of the color, the active eyes move 
randomly; 

(ii) if a plurality of active eyes recognize the color of the 
target and form a colony of the color, the active eyes 
move away from the center of the colony; 

(iii) if an active eye has been recognizing the color of the 
target until now but loses track of the color at this 
moment, the active eye moves toward the center of a 
colony located closest to the active eye, 

whereby the active eye moves ultimately to a boundary of 
the colony. 

8. The method according to claim 5, wherein the colony 
is recognized by connecting the active eyes which are 
recognizing the color of the target or had been recognizing 
the color of the target but lost track of the color, under the 
following rules: 

(i) an active eye is linked to another active eye closest to 
the active eye; 

(ii) an active eye is not linked to an active eye which has 
already linked to another active eye. 

***** 
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